In this work, heather and its flowers were studied regarding their antioxidant and antimicrobial activities. Plants were subjected to ultrasound-assisted methanolic extraction followed by fractionation. A phytochemical characterisation of extracts content in total phenols and flavonoids, and their antioxidant activity was performed. The antimicrobial activity was evaluated through the determination of minimum inhibitory concentration and by bioautography. Following, studies on the antilisterial potential were carried out by: time-kill curves, inhibition of biofilm formation and tolerance of Listeria monocytogenes to adverse conditions. The results evidenced the antioxidant activity in both extracts, as well as, the antimicrobial activity against Gram-positive bacteria. Concerning the evaluation of the antilisterial potential, a bacteriostatic behaviour and inhibition of biofilms formation ability were observed. Listeria monocytogenes showed an increased susceptibility to adverse conditions when preincubated with extracts. Thus, heather and its flowers may be a source of new compounds with antilisterial activity potential.
Introduction
The medicinal properties of Erica species have been recognised and associated with the presence of phenolic compounds. Based on scientific studies and the reported traditional uses (for example, in wounds and burns treatment), heather species (Erica spp.) can be a source of relevant antioxidant and antimicrobial agents (Guendouze-Bouchefa et al., 2015) .
Reactive oxygen species are considered the main cause of several age-related diseases and additionally, lipid peroxidation is one of the main causes of deterioration, reducing the quality and nutritional value of food (Krishnaiah et al., 2011; Rubi o et al., 2013) . Thus, antioxidants are important at the clinical level and as food preservatives. Some studies have shown the toxic effect of various synthetic antioxidants; therefore, research has been directed towards natural antioxidants (Krishnaiah et al., 2011) .
Despite the availability of a wide range of antibiotics, microorganisms are constantly developing mechanisms of resistance to these agents (Mabhiza et al., 2016) . Therefore, the increased microbial resistance leads to the development of new antimicrobial agents, such as molecules present in natural sources (Sassi et al., 2007) . The discovery of antibiotics has been focussed in cells in planktonic growth mode; however, biofilms should not be disregarded in the development of novel approaches to combat infectious diseases (Penesyan et al., 2015) . Listeria monocytogenes is a pathogen responsible for listeriosis, a foodborne disease with high mortality rates among the immunecompromised individuals, pregnant women, neonates and the elderly. In healthy individuals, it generally can cause self-limiting febrile gastroenteritis (Ferreira & Domingues, 2016; Poimenidou et al., 2016) . There is a broad range of food products that pose a risk of L. monocytogenes dissemination, which, together with its ability to survive and develop tolerance to stress, makes it possible to persist in diverse environments. Additionally, the increasing number of individuals with a compromised immune system, an increase in the elderly population and changing eating habits involving a greater demand for raw, fresh and minimally processed foods, contribute to the occurrence and the concern of this foodborne disease (Early, 2009) .
Thus, the aims of the present work were to characterise the extracts of heather and its flowers relative to their content in total phenols and flavonoids, and to evaluate its antioxidant and antimicrobial properties. The study of antimicrobial activity was deepened regarding the anti-L. monocytogenes potential of the most active extracts, in planktonic cells and biofilms, and the possible effect of extracts and fractions on cell survival under adverse conditions.
Material and methods

Preparation of heather extracts and fractionation
The heather samples (Erica spp.) were purchased at a local market and let to dry in a dark and ventilated place for 2 weeks. The aerial parts were ground with a blade disintegrator. The whole aerial parts and the flowers alone were extracted separately. The samples were submitted to methanol ultrasound-assisted extraction for 1 h at 40°C using a plant-solvent ratio of 1:20. The residues were separated by decanting, reextracted by repeating the process for three times and centrifuged. Thereafter the extracts were concentrated in a rotatory evaporator at 40°C to dryness. The crude extracts were fractionated based on the partition method of Charaux-Paris using solvents with increasing polarities (Pinho et al., 2006; Silva et al., 2012) . Thus, to 1 g of crude extract 50 mL of n-hexane was added and centrifuged at 5500 g, 20 min, 4°C. The liquid was collected and under the residue the same process was repeated twice (fraction 1). Then, diethyl ether was used, and the procedure was repeated altering centrifugation to 7000 g (fraction 2). Finally, distilled water was used, adjusting centrifugation to 12 000 g. This procedure with distilled water allowed to get the fraction 3, corresponding to the water-soluble fraction, and fraction 4 consisting to the non-soluble fraction. Fractions 1 and 2 were concentrated by evaporation in the rotatory evaporator at 40°C, and fractions 3 and 4 were freeze-dried. After each centrifugation and re-addition of solvent, the tubes were sonicated and vortexed. The extracts were stored at À20°C until analysis. For antimicrobial activity assays, the crude extracts and fractions were dissolved in dimethyl sulfoxide (DMSO) (100 mg mL À1 ) and stored at 4°C, protected from light.
Thin-layer chromatography (TLC)
The crude extracts and respective fractions were analysed by TLC following the protocol used by Lu ıs et al.
(2016) with some modifications. All extracts were dissolved in methanol and aliquots were applied in precoated TLC plates (silica-gel 60 F254 aluminium sheets). Plates were eluted with 4:10 chloroform/ethyl acetate and were revealed with 0.2 N Folin-Ciocalteu reagent to observe the presence of phenolic compounds, and with 40 lg mL À1 2,2-diphenyl-1-picrylhydrazyl (DPPH) solution to detect the presence of compounds with antioxidant activity.
Determination of total phenols and flavonoids
The determination of total phenols was performed using the Folin-Ciocalteu colorimetric method following the protocol used by Lu ıs et al. (2014) . Briefly, methanolic solutions of each extract or gallic acid (phenolic standard) were prepared and mixed with distilled water, Folin-Ciocalteu reagent and then sodium carbonate. The standard curve was prepared from methanolic solutions of gallic acid in a concentration range varying from 50 to 500 lg mL À1 (y = 0.0011xÀ0.0083; R 2 = 0.9976). The absorbance of each solution was read at 765 nm. The total phenolic content was presented as gallic acid equivalents (mg GAE g À1 of extract). The total flavonoids were determined by aluminium chloride colorimetric method following the protocol used by Lu ıs et al. (2014) . Briefly, methanolic solutions of each extract or quercetin (standard) were prepared and mixed with methanol, aluminium chloride, potassium acetate and distilled water. The standard curve was prepared from methanolic solutions of quercetin in a concentration range varying from 12.5 to 200 lg mL
À1
(y = 0.0051x + 0.002; R 2 = 0.9934). The absorbance of each solution was read at 415 nm. The total flavonoids content in each extract was expressed as quercetin equivalents (mg QE g À1 of extract). All assays were conducted in triplicate.
Evaluation of antioxidant activity
The antioxidant activity was evaluated by DPPH method and b-carotene/linoleic acid system using rutin, trolox and gallic acid or butylated hydroxytoluene (BHT) as standards, respectively (Lu ıs et al., 2014) . For DPPH method the tests were conducted in triplicate, being the results presented as IC 50 (concentration providing 50% inhibition of DPPH radicals) and AAI (antioxidant activity index). IC 50 was calculated based on the calibration curve (obtained from different concentrations of methanolic solutions of DPPH) by percentage of inhibition (I%) plotted against extract concentration, for each DPPH concentration. The evaluation of AAI was based on the classification of Scherer & Godoy (2009) : AAI ≤ 0.5 corresponds to a poor antioxidant potential, 0.5 < AAI ≤ 1.0 to a moderate antioxidant potential, 1.0 < AAI ≤ 2.0 to a strong antioxidant potential and AAI > 2.0 to a very strong antioxidant potential. Regarding the b-carotene/linoleic acid system all the assays were performed in duplicate and the antioxidant activity was presented graphically as I% plotted against the respective concentrations of each extract.
Microorganisms and growth conditions
The antimicrobial activity of crude extracts and fractions was evaluated against four Gram-positive (Bacillus cereus ATCC 11778, Staphylococcus aureus ATCC 25923, Enterococcus faecalis ATCC 29212 and L. monocytogenes LMG 16779), five Gram-negative bacteria (Escherichia coli ATCC 25922, Klebsiella pneumoniae ATCC 13883, Acinetobacter baumannii LMG 1025, Pseudomonas aeruginosa ATCC 27853 and Salmonella Typhimurium ATCC 13311) and two yeasts (Candida albicans ATCC 90028 and Candida tropicalis ATCC 750). Prior to antimicrobial testing, each strain was grown in adequate solid medium: M€ ueller-Hinton Agar (MHA) for bacteria, with exception of L. monocytogenes which was subcultured in Brain Heart Infusion Agar (BHIA), and in Sabouraud dextrose agar (SDA) for yeasts.
Minimum inhibitory concentration (MIC)
The MIC was determined using a broth microdilution method. Serial twofold dilutions of each extract/fraction (from 2000 to 15.6 lg mL
À1
) were prepared in a 96-well plate in M€ ueller-Hinton broth (MHB) for bacterial strains, except for L. monocytogenes which was prepared in Brain Heart Infusion (BHI). Inoculum suspensions were adjusted to 0.5 McFarland turbidity equivalents in saline solution (NaCl 0.85%(w/v)) and then diluted with medium to obtain a final cell concentration of about 5 9 10 5 cfu mL À1 , in a final volume of 100 lL. For yeast strains, the medium employed was Roswell Park Memorial Institute (RPMI) 1640 and extracts/fractions were evaluated in the same range of concentrations used for bacteria, with a final volume of 200 lL, and a final cell density of about 5 9 10 2 to 2.5 9 10 3 cfu mL À1 . The microtiter plates were incubated at 37°C. After 16-18 h of incubation, the bacterial assay plates were visually analysed for the presence of growth and confirmed by colorimetric analysis. Thus, 30 lL of 0.01% (w/v) resazurin solution prepared with sterile ultrapure water was added to all wells. The plates were reincubated for two more hours at 37°C (colour change from purple to pink was a growth indicator). Concerning yeasts, growth was visually assessed after 48 h of incubation. MIC was considered as the concentration in which no growth was detected by the naked eye and/or confirmed by the maintenance of the blue colour in the colorimetric assay (Chuah et al., 2014) .
Direct bioautography
TLC plates eluted with 4:10 chloroform/ethyl acetate were immersed in L. monocytogenes suspension (1:10 dilution in BHI of a 0.5 McFarland suspension). The plates were then placed in BHIA and incubated at 37°C for 18 h. After this time, they were sprayed with 0.2% (w/v) methylthiazolyldiphenyl-tetrazolium bromide (MTT) solution with one drop of Triton X-100 per 100 mL solution and then incubated at 37°C for 30 min (Lu ıs et al., 2016) . The plates were analysed for zones of bacterial growth inhibition (yellow colour clear zones in purple background). The same procedure was performed with tetracycline acting as control.
Time-kill curves assay
The extracts/fractions with higher antimicrobial activity were evaluated concerning its activity against L. monocytogenes by time-kill curves study (Duarte et al., 2013 with modifications) . The extracts were diluted in BHI medium with final concentrations of 0.59, 19, 29 and 49 MIC. Cell suspension, from an overnight culture in BHI at 37°C and 250 r.p.m. was added to a final concentration of about 1.5-2.6 9 10 6 cfu mL À1 in a volume of 1 mL. Tubes were incubated at 37°C and viable counts were assessed by collecting 20 lL samples at 0, 2, 4, 6, 8 and 24 h of incubation. Samples were serially 10-fold diluted and plated in BHIA plates by the drop plate method. Time-kill assays were performed as four independent experiments.
Biofilm formation inhibition
The inhibition of L. monocytogenes biofilm formation was carried out in 96-well plates (Stepanovi c et al., 2004; Jadhav et al., 2013) . Twofold dilutions of each extract/fraction were prepared in BHI medium to give final concentrations of 0.259, 0.59, 19, 29 and 49 MIC. Hundred microlitres of inoculum (bacteria from an overnight culture) with about 2 9 10 9 cfu mL À1 was added to each assay well, in a final volume of 200 lL. A blank with 200 lL of BHI, and a negative control where the extract was substituted by 100 lL of medium were also prepared. The microplates were incubated at 37°C, for 24 h. Then, the content of the plate was poured off and the wells washed three times with 200 lL of distilled water. The biofilm was fixed with 200 lL of methanol per well for 15 min. Following this, staining was performed using 200 lL per well of 1% (w/v) crystal violet dissolved in 2% (v/v) of ethanol for 5 min. The stain was removed, and wells rinsed three times with 300 lL of distilled water. The dye was then re-solubilised with 250 lL of 33% (v/v) glacial acetic acid per well. The absorbance of each well was measured at 570 nm using a microplate reader. The assays were performed in four replicates in five independent assays.
Evaluation of Listeria monocytogenes susceptibility to adverse conditions
The influence of incubation with subinhibitory concentrations of extracts and fractions with higher activity in L. monocytogenes tolerance to adverse conditions, particularly acidic pH (2.4) and high temperatures (55°C) was assessed, following the protocol described by Oliveira et al. (2017) with modifications. A cell suspension was prepared from an overnight culture and preincubated with 0.5 9 MIC of extract/fraction at a cell concentration of approximately 10 6 cfu mL À1 , in a volume of 3 mL, or with DMSO at the highest concentration used in the assays (2% (v/v)), as solvent control. After 18 h, the cells were harvested by centrifugation at 8000 g, 4°C for 5 min, washed with BHI and suspended in medium to get the concentration of 10 8 cfu mL À1 . For pH challenge, 30 lL of the previously prepared suspension was added to 2970 lL of acidified BHI medium with hydrochloric acid to pH 2.4, then incubated at room temperature for 1 h. Viable cell counts were monitored by collecting samples at 0 and 60 min. For heat challenge, 30 lL of the same suspension was added to 2970 lL BHI medium and incubated at 55°C in thermostatic bath for 2 h. Samples were collected at 0 and 120 min. The viable cell count was performed by drop plate method after dilution with phosphate buffer saline. Each assay was performed on three independent days.
Statistical analysis
Data obtained by biofilm formation inhibition assays and tolerance to adverse conditions assessment were analysed by GraphPad Prism v7.03 software using the student's t-test with 95% confidence interval. Values of P < 0.05 were considered statistically significant. All experimental data were shown as mean AE standard.
Results and discussion
Phytochemical characterisation of crude extracts
The crude extracts were obtained by methanolic extraction with a yield of 25.95% AE 1.91 for heather flowers and 17.64% AE 2.63 for heather aerial parts. The phytochemical characterisation showed that the crude extract of heather flowers has a higher total phenols content while the higher flavonoid content was found for the extract of whole aerial parts of heather (Table 1) À1 extract) to the obtained in this work. The differences observed in terms of total phenols and flavonoids content between the plants in the present study and literature results may be due to several factors, such as edaphoclimatic conditions (Martins et al., 2016) , and differences in the extraction process (Azmir et al., 2013; Martins et al., 2016) .
Antioxidant activity of crude extracts
The antioxidant activity results evaluated by DPPH method are presented in Table 1 , represented by IC 50 and AAI. The results showed that both crude extracts have a strong antioxidant potential. Regarding heather flowers, its extract showed a slightly higher AAI than the one of heather aerial parts, by the DPPH method, (Table 1) , which agrees with the results obtained for the determination of total phenols content, since the antioxidant activity is related to the presence of phenolic compounds (Sharma et al., 2014) (Ay et al., 2007) , revealing an antioxidant activity slightly higher than that obtained from the heather flowers in this study.
The results by b-carotene/linoleic acid system (Fig. 1 ) demonstrated that in a concentration ranging from 0 to 1000 lg mL À1 , the I% of both crude extracts varies between approximately 5% and 19%, with the crude extract of heather aerial parts displaying a higher antioxidant activity. These results show that the crude extract of heather has a higher antioxidant activity, in contrast to the obtained by the DPPH method (Table 1) . Despite both methods evaluate the antioxidant activity, they measure distinct properties, leading to differences in the results. DPPH assay evaluates the ability of the extract to scavenge DPPH radicals, and, on the other hand, b-carotene/linoleic acid system evaluates the ability of the extract to inhibit the lipid peroxidation (Krishnaiah et al., 2011) . Thus, the results evidence that both extracts have a better capacity to scavenge free radicals than to inhibit lipid peroxidation. Lu ıs et al. (2009) showed that for a concentration of 500 lg mL À1 , the ethanolic extract of Erica spp. shows a I% close to that exhibited by BHT, which keeps proximity to that activity as the concentration increases to 1000 lg mL À1 (Lu ıs et al., 2009 ). Compared to this study, the tested crude extracts in the present work had a minor inhibition, probably explained by the fact that the extraction was performed with different solvents, altering the extract composition.
Antimicrobial activity of heather aerial parts and heather flowers crude extracts and fractions
The results of MIC of the extracts of heather aerial parts are presented in Table 2 , with fraction 4 showing the greater antibacterial activity, namely against Gram-positive bacteria: E. faecalis, L. monocytogenes and B. cereus (MIC ranging from 125 to 250 lg mL À1 ). Considering the antifungal activity, the fraction 1 presented the highest activity, specifically against C. tropicalis. Regarding heather flowers extracts (Table 2) , fractions 2 and 4 demonstrated better activity (MIC = 62.5 lg mL
À1
) than the crude extract that presents a MIC of 125 lg mL À1 against L. monocytogenes, showing a twofold decrease in MIC when compared to the crude extract. These two fractions demonstrated also antibacterial activity against B. cereus and E. faecalis. Globally, it was shown antibacterial activity against Gram-positive bacteria, with focus in the activity observed against L. monocytogenes. The observed activity was exclusive against Gram-positive bacteria, similar to what has been described for heather and other shrubs of the same family (Ericaceae) and in various medicinal plant extracts (Parekh et al., 2005; Sassi et al., 2007) . This may be related to difference in cell wall structure of Gram-positive and Gram-negative bacteria (Parekh et al., 2005) .
Fraction 4 exhibited a more evident antibacterial activity, not manifested by the crude extract. This can mean that the compounds present in this fraction when together with the other compounds present in the crude extract, may have an antagonistic effect. About antifungal activity, it was verified that heather aerial parts and heather flowers had no activity against C. albicans, whereas both displayed activity against C. tropicalis (Table 2 ). The absence of antifungal activity against C. albicans and presence for C. tropicalis was previously reported by Hamza et al. (2006) , who tested the antifungal activity of methanolic extracts of several plants, including Agauria salicifolia Oliv. (Ericaceae), against several species of Candida. The differences observed may be related with cellular features of each species, for example the ability of C. albicans to grow as hyphal form (Ann Chai et al., 2010) .
Antilisterial activity
Concerning the obtained results for MIC determination against L. monocytogenes and the relevance of this microorganism, studies directed to the activity of the extracts against this bacterium were performed. Thus, extracts and fractions that showed better antilisterial activity were evaluated, namely fraction 4 of heather aerial parts, heather flowers crude extract and its fractions 2 and 4.
Firstly, to locate compounds that may present antioxidant and antilisterial activity, TLC and direct bioautography were performed. Overall, chromatograms revealed with Folin-Ciocalteu reagent showed the presence of phenolic compounds in the crude extract and its fractions, with an overlap of the location of phenolic compounds with compounds having antioxidant activity ( Figure S1 ). Bioautography allowed to observe the presence of the same evident Figure 1 Antioxidant activity of the crude extracts of heather aerial parts (square) and heather flowers (triangle) and standard BHT (circle), represented by the percentage of inhibition (%I). Measurements were performed in duplicate, and each point represents the mean AE standard deviation of the I%. zone with antimicrobial activity for heather aerial parts crude extract and fractions 2 and 4. The same zone was visualised for heather flowers crude extract and fractions 1, 2 and 4, while other zone showing antimicrobial activity arises for fractions 2 and 4 (Figure S2) . These results agree with those obtained in the MIC determination. Regarding the bioautography of heather aerial parts extracts, a larger zone of growth inhibition was observed for fraction 4 ( Figure S2 ), which may be associated with the presence of the most active compounds in this fraction, also in agreement with MIC assessment. The study of time-kill curves showed that all extracts reduced L. monocytogenes growth when compared with the control, evidencing a bacteriostatic effect (Fig. 2) . For crude extract of heather flowers, a dependence of concentration was observed, with an increase in concentration leading to a higher growth inhibition. Concerning fractions 2 and 4 this difference was less evident, showing a generalised decrease of growth until 8 h, followed by a slight increase until 24 h; however, not exceeding the initial concentration of inoculum. In fact, a previous study by Silva and collaborators demonstrated that the aqueous extract of leaves and fruits of Vaccinium corymbosum, a shrub of the same family of heather, presented bacteriostatic action against Listeria innocua (Silva et al., 2013) .
The same extracts or fractions were evaluated at the level of their capacity to inhibit the biofilm formation. Figure 3 shows that all concentrations tested (between 0.25 9 MIC and 4 9 MIC) led to a statistically significant inhibition of biofilm formation, with inhibition percentages as high as 91%. A dependence on the concentration of extract can be observed; however, less evident for the highest concentrations of fraction 4 of heather aerial parts and fraction 4 of flowers. The analysed fractions showed inhibition percentages superior to 20%, even when using subinhibitory concentrations. Several studies reported the activity of plant extracts in inhibiting the biofilm formation by L. monocytogenes, such as the study of Nostro et al. (2016) that verified the in vitro activity of methanolic extracts of some plants in the inhibition of bacterial biofilm formation associated with food outbreaks. Another study by Sandasi et al. (2010) revealed the effect of extracts of some herbs used in cooking and of some plants, in the biofilm formation by L. monocytogenes, in which the percentage of inhibition obtained by the extracts was around 74%-78%, close to that obtained for ciprofloxacin (75%) (Sandasi et al., Escherichia coli ATCC 25922 >2000 >2000 >2000 >2000 >2000 >2000 >2000 >2000 >2000 >2000
Klebsiella pneumoniae ATCC 13883 1000 >2000 >2000 500 >2000 2000 >2000 >2000 2000 >2000
Acinetobacter baumannii LMG 1025 >2000 >2000 >2000 2000 >2000 >2000 >2000 >2000 >2000 >2000
Pseudomonas aeruginosa ATCC 27853 >2000 >2000 >2000 >2000 >2000 >2000 >2000 >2000 >2000 >2000
Salmonella Typhimurium ATCC 13311 >2000 >2000 >2000 >2000 >2000 >2000 >2000 >2000 >2000 >2000
Candida albicans ATCC 90028 >2000 >2000 >2000 >2000 >2000 >2000 >2000 >2000 >2000 >2000
Candida tropicalis ATCC 750 500 250 500 1000 2000 500 125 2000 500 1000
The values for which MIC was below the highest concentration tested are in bold. The assays were performed in duplicate and in at least three independent assays, and the modal of the obtained values was considered as MIC.
2010). These results are similar to those observed in the present work, evidencing the potential of the extracts under study against the biofilm formation by L. monocytogenes.
To evaluate the contribution of extracts to the susceptibility of L. monocytogenes to adverse conditions or, if on the contrary, they induce cellular protection, a preincubation of the cells with a subinhibitory concentration (0.5 9 MIC) of the same extracts/fractions used before was performed. Figure 4a shows that all extracts and fractions led to a statistically significant increase in the logarithmic reduction of viable cells, making the bacterium more susceptible to the surrounding acidity (P < 0.001). Regarding the tolerance to high temperatures, only the crude extract and fraction 2 of heather flowers reduced significantly the tolerance of L. monocytogenes (P < 0.05) but did not demonstrate induction of cellular protection (Fig. 4b) . No augment of tolerance to low pH and high temperature was observed for L. monocytogenes after being incubated with the extracts and fractions under study. This may be related to a joint action of several compounds present in each extract or with a decrease in the expression of proteins related to tolerance to these factors (Gandhi & Chikindas, 2007) .
Some studies have pointed that the exposure of L. monocytogenes cells to natural compounds may increase its tolerance to antibacterial agents or even adverse conditions (Poimenidou et al., 2016; Oliveira et al., 2017) . This averts to the need of assuring that the use of natural compounds, as the extracts studied here, will not induce tolerance to stress conditions frequently found in the food sector.
Conclusion
Overall, considering the obtained results, heather extracts presented antioxidant potential as well as antimicrobial activity against Gram-positive bacteria, highlighting the activity against L. monocytogenes. The most active extracts presented bacteriostatic effect, a strong inhibition of the biofilm formation and an increase of susceptibility of L. monocytogenes to adverse conditions, particularly to acidic pH. Thus, extracts of heather aerial parts and flowers may be a potential source of natural compounds that can be used as preservatives and in the control of L. monocytogenes. Further studies are needed to better understand which compounds are involved in the activity presented by the extracts.
